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PREFACE 


This  project  was  conducted  by  the  Soils  and  Pavements  Laboratory, 
U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  Miss., 
for  the  Federal  Aviation  Administration  as  a  -part  of  Inter-Agency  Agree¬ 
ment  No.  DOT  FA71WAI-218. 

The  project  was  conducted  under  the  general  supervision  of 
Mr.  James  P.  Sale,  Chief  of  the  Soils  and  Pavements  Laboratory.  This 
report  was  written  by  Mr.  Thomas  D.  White  and  covers  work  done  from 
December  1971-June  1975. 

^OL  G.  H.  Hilt,  CE,  was  Director  of  WES  during  the  preparation  of 
this  report.  Technical  Director  was  Mr.  F.  R.  Brown. 
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EXECUTIVE  SUMMARY 


The  overall  objectives  of  the  porous  friction  surface  course 
(PFC)  study  were  to  develop  a  PFC  mix  design  method  and  construction 
specifications.  To  accomplish  these  objectives,  a  program  was  followed 
that  included  a  review  of  pertinent  literature,  design  methods,  and  con¬ 
struction  specifications;  observation  of  PFC  construction;  laboratory 
study  of  PFC  mix  design  methods;  and  field  inspection  and  evaluation  of  . 
PFC  performeuice. 

The  review  of  literature  and  current  PFC  construction  experience 
indicated  that  PFC  Job-mix  formulas  have  been  adopted  largely  based  on 
subjective  evaluations  of  tests.  The  laboratory  portion  of  the  PFC  study 
was  therefore  directed  at  identifying  a  physical  property  that  would  cor¬ 
relate  with  PFC  field  performance.  Results  of  these  tests  indicated  a 
lack  of  sensitivity  of  PFC  mixes  to  physical  test  methods.  Positive  re¬ 
sults  of  the  laboratory  work  included  development  of  a  laboratory  water 
permeability  test  and  adaptation  of  the  laboratory  test  equipment  to 
field  testing.  A  minimum  water  permeability  of  1000  ml/min  was  recom¬ 
mended.  A  method  for  determining  density  of  PFC  and  other  open-graded 
mixtures  was  recommended  as  well  as  a  nrocedure  for  preparing  PFC  sam¬ 
ples  comparable  with  actual  in-place  PFC  pavement  surfaces. 

Observations  of  several  PFC  construction  Jobs  provided  information 
for  preparing  a  standard  specification  for  PFC.  The  PFC  specification 
was  written  early  in  the  project,  but  very  few  cheinges  have  been 
recommended. 

Continued  laboratory  studies  and  evaluation  testing  of  field  sam¬ 
ples  provided  data  for  analysis  and  development  of.  a  mix  design  concept. 
Correlation  of  laboratory  test  results  and  field  performance  indicated 
that  an  estimate  of  the  asphalt  content  (EGA)  could  be  made  from  the  re¬ 
lation  EGA  =  2K^  +  U.G  ,  where  is  the  coarse  aggregate  fraction 

surface  area  constant  as  determined  by  the  California  Centrifuge  Kero¬ 
sene  Equivalency  (CKE)  test.  Test  Method  California  No.  303F.  Construc¬ 
tion  experience  indicated  a  need  for  selecting  a  rational  mixing  temper¬ 
ature  to  reduce  asphalt  drainage  problems  during  construction.  Job 
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asphalt  temperature-viscosity  data  were  analyzed  with  field  observations 
of  asphalt  drainage,  and  a  preliminary  mixing  viscosity  of  U50  centi- 
stokes  was  adopted  to  reduce  this  problem.  Subsequently,  field  testing 
on  PFC  construction  indicated  that  a  mixing  viscosity  of  275  ^  25  centi- 
stokes  could  be  used. 

Attempts  to  measure  water  permeability  in  the  laboratory  and  in 
the  field  led  to  the  development  of  a  portable  permeability  device.  PFC 
water  permeability  was  used  to  select  the  geometry  of  specimens  and  com¬ 
paction  effort  by  which  to  prepare  laboratory  specimens.  In  addition,' 
permeability  was  used  to  evaluate  gradations  for  desirable  permeability 
properties.  The  results  of  these  evaluations  were  used  to  modify  the 
recommended  PFC  gradation. 

Several,  conclusions  were  drawn  from  the  PFC  field  and  laboratory 
performance  evaluations:  (a)  PFC  should  only  be  considered  for  applica¬ 
tion  to  structurally  sound  pavements;  (b)  the  aggregate  Los  Angeles 
abrasion  requirement  of  25  is  satisfactory;  (c)  medium  to  soft  paving 
grades  of  asphalt  can  be  used  satisfactorily  at  the  volumes  of  asphalt 
determined  by  the  PFC  mix  design  procediu*e;  (d)  neoprene  rubberized 
asphalts  are  good  binders  for  PFC;  and  (e)  raveling  stabilizes  in  12  to 
18  months,  even  with  low  binder  content  and  soft  asphalts.  No  problems 
developed  from  freezing  and  thawing  cycles,  but  a  future  problem  may 
develop  where  heavy  buildup  of  rubber  occurs. 


INTRODUCTION 


BACKGROUND 

This  report  presents  the  evaluation  of  performance  of  porous 
friction  course  (PFC)  for  airport  pavements.  Results  of  the  initial  lit 
erature  and  laboratory  studies  and  preliminary  field  evaluation  are  pre¬ 
sented  in  Report  No.  FAA-RD-73-197,  "Porous  Friction  Surface  Course."^ 

In  the  latter  part  of  1971  and  in  1972,  a  number  of  airfield  PFC, 
were  constructed.  These  PFC's  were  located  in  different  climatic  areas 
of  the  United  States.  They  were  constructed  using  a  rauige  of  binder  ma¬ 
terials,  aggregate  types,  and  gradations,  emd  they  were  subjected  to  a 
wide  range  of  traffic  types  and  levels. 

An  extended  performance  evaluation  was  not  originally  planned  for 
this  project,  but  results  of  laboratory  tests  and  preliminary  field  ob¬ 
servations  indicated  a  need  for  this  type  of  study. 

OBJECTIVE 

The  objective  of  this  report  is  to  present  validation  data  on  the 
design,  construction,  and  performance  of  PFC  pavements. 

SCOPE 

Additional  data  on  design  and  construction  were  obtained  from 
participation  in  the  design  and  construction  of  a  new  PFC  for  a  runway 
at  the  Greensboro— High  Point — Winston-Salem  Airport  in  North  Carolina. 
The  performance  data  on  PFC  pavements  were  collected  through  a  series  of 
condition  surveys  on  10  airports  that  have  PFC  pavements,  including  the 
pavonents  surveyed  for  the  earlier  report.^  Table  1  lists  the  locations 
of  the  10  pavements  surveyed. 
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NEW  CONSTRUCTION 


During  September  197^ »  ^  PFC  pavement  vlth  a  neoprene  rubberized 
asphalt  binder  was  constructed  at  the  Greensboro — High  Point — Winston- 
Salem  Airport.  Participating  in  the  planning  and  construction  of  the 
pavement  were  the  Federal  Aviation  Administration  (FAA)  district  and 
regional  offices  in  Atlanta;  the  Greensboro — High  Point — Winston-Salem 
Airport  Authority;  and  the  U.  S.  Army  Engineer  Waterways  Experiment 
Station  (WES). 

Samples  of  the  aggregate  stockpiles  proposed  for  the  Job  were 
shipped  to  WES,  and  a  PFC  mix  was  designed  using  the  procedures  proposed 
in  the  conclusions  and  recommendations  of  the  initial  report.^  The 
aggregate  physical  properties  are  shown  in  Table  2. 

The  recommended  laboratory  Job-mix  formxila  consisted  of  the 
following : 

Gradation 


Sieve 

Percent 

Size 

Passing 

1/2  in.» 

100 

3/8  in. 

95 

No.  4 

37 

No.  8 

20 

No.  30 

8 

No.  200 

3 

binder  content  . 

6.5  percent  by  weight 

Mixing  temperature  . . . 

280°F 

*  A  table  of  factors  for  converting  U.  S. 
customary  units  of  measurement  to  metric 
units  is  presented  on  page  5. 


The  temperature-viscosity  relation  for  this  binder,  a  neoprene-modified 
asphalt,  is  shown  in  Figure  1.  The  mixing  temperature  was  selected  at  a 
viscosity  of  450  centistokes.  Experience  has  indicated  that  this  is  a 
safe  viscosity  and  allows  good  aggregate  control  to  be  established  with¬ 
out  problems  of  excess  asphalt  (binder)  drainage. 


10 


A  safe  viscosity  (temperature)  is  considered  to  be  one  at  which 
excess  asphalt  drainage  in  the  PFC  will  not  occur.  At  a  given  viscosity, 
an  asphalt  will  coat  a  constant  aggregate  surface  area  with  a  certain 
film  thickness.  If  there  i  a  a  voliune  of  asphalt  in  the  mix  in  excess  of 
that  required  for  aggregate  coating,  asphalt  drainage  will  occur.  In  ad¬ 
dition,  even  though  the  optimum  asphalt  content  is  proportioned  into  the 
mix,  an  increase  in  mixing  temperature  will  cause  a  corresponding  decrease 
in  viscosity,  and  the  asphalt  will  become  more  fluid.  As  a  result,  a 
thinner  film  of  asphalt  will  coat  a  constant  aggregate  surface  area.  The 
amount  of  asphalt  in  excess  of  that  needed  to  form  the  aggregate  coatjng 
will  drain  and  cause  rich  spots  in  the  pavement.  Even  though  the  optimum 
asphalt  content  is  added  at  the  desired  viscosity,  poor  gradation  control 
will  cause  the  aggregate  surface  area  to  vary.  If  the  aggregate  surface 
area  is  too  low,  the  resulting  excess  asphalt  will  also  cause  drainage. 

Field  analysis  of  stockpiles  at  Gi  eensboro  indicated  a  variejice  in 
gradations  from  those  furnished  for  the  laboratory  mix  design,  partic¬ 
ularly  with  respect  to  the  coarse  aggregate.  Because  of  nonuniformity  of 
the  aggregate  stockpiles,  a  new  coarse  aggregate  with  a  gradation  nearer 
that  of  the  original  coarse  aggregate  was  obtained.  With  the  new  mate¬ 
rial,  a  field  job-mix  formula  was  established  consisting  of  the  following: 

Gradation 


Sieve  Percent 

Size  Passing 

1/2  in.  100 

3/8  in.  97  +-3 

No.  k  38+3 

No.  8  15.7+2 

No.  30  6.1  +  2 

No.  200  2.0  +  1 

Binder  content . 6.5  +  0.25  percent  by  weight 


Mixing  temperature  . . .  280  ^  6°F 

No  change  in  asphalt  content  was  recommended  since  the  same  aggregate 
type  was  being  used  and  there  were  minimal  differences  in  gradation.  The 
gradation  was  recommended  with  consideration  to  the  need  to  use  the 
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available  aggregates  and  to  maintain  a  high  voids  content  in  the  mix. 

The  uniformity  of  the  new  coarse  aggregate  provided  a  gradation  well 
within  the  Job-mix  requirements. 

A  prior  agreement  with  the  FAA  and  the  Airport  Authority  was  made 
to  allow  WES  to  vary  both  the  mixing  temperatxire  and  binder  content  to 
obtain  information  to  iralidate  the  recommended  design  procedure.  The 
following  tabulation  presents  the  results  of  the  observations: 


Binder 

Content 

percent 

Mixing 

Temperature 

°F 

Comments 

6.5 

280 

No  bleeding 

6.5 

300 

Smoother  laydown  than  at  280®F 

6.5 

320 

Bleeding  in  laydown  machine  hopper 

6.5 

300 

No  bleeding 

6.75 

300 

No  bleeding 

7.3 

300 

Loss  of  mix  consistency;  individual 

aggregate  could  be  separated  from  mix 

The  temperature  variation  study  was  conducted  to  define  a  mixing 
temperature  compatible  with  the  binder  content  determined  from  the  design 
procedure.  Experience  has  shown  that  the  binder  content  determined  by 
the  design  procedure  results  in  good  field  performance.  The  study  was 
made  to  observe  the  mix  during  mixing,  hauling,  and  placement.  Because 
of  difficulty  in  performing  extraction  tests  on  PFC,  scale  weights  were 
observed  during  batching  to  insiire  that  the  desired  amount  of  asphalt 
was  proportioned  into  the  mix. 

Based  on  the  above  observations,  the  final  field-adjusted  mix 
consisted  of  the  aggregate  gradation  shown  on  page  10  combined  with  6.5 
binder  at  a  mixing  temperature  of  300°F. 

Figure  2  shows  the  mix  as  it  was  being  loaded  into  the  laydown 
machine  hopper.  A  compacted  edge  and  the  surface  texture  are  shown  in 
Figure  3.  The  overall  surface  texture  and  appearance  eire  shown  in 
Figvire  k. 
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FIELD  SURVEYS 


Condition  surveys  were  conducted  on  PFC  pavements  at  nine  airports 

throughout  the  United  States.  These  Eu*e  the  pavements  described  in  the 

•» 

original  PFC  report."^  Tables  1  and  2  present  an  updated  summary  of  the 

dates  and  types  of  surveys  conducted  and  the  construction  data.  Results 

of  surveys  conducted  in  1973,  197^,  and  1975  are  presented  in  Tables  3, 

4,  and  5«  The  results  of  laboratory  tests  on  samples  collected  in  1973  . 

are  included  later  in  this  report 

Skid  resistance  tests  using  the  British  Portable  Skid  Resistance 

Tester  described  in  American  Society  for  Testing  and  Materials  Designa- 
2 

tion:  E  303-69  and  water  permeability  tests  using  procedures  described 
in  Appendix  A  were  conducted  on  the  in-place  pavement.  Samples  (6-in.- 
diam  cores)  of  the  PFC  were  removed  from  the  pavement  both  in  and  out  of 
traffic  areas  for  laboratory  testing.  Method  101  of  Military  Standard 

3 

MII/-STD-620  was  used  to  determine  density  and  voids  using  values  for 
the  volume  of  the  samples  determined  from  physical  measurements. 

PEASE  AFB 

During  the  survey  conducted  in  September  1974,  reflective  crack¬ 
ing  that  had  been  noted  in  previous  visits  was  still  evident  (Figure  5). 
At  this  time,  there  was  a  series  of  reflected  cracks  approximately  7  ft 
to  the  south  of  the  runway  center  line,  intermittently  along  the  length 
of  the  runway  (Figure  6).  Petroset  was  used  to  seal  these  reflected 
cracks.  Some  raveling  was  still  occurring  as  well  as  some  damage  due  to 
locked-wheel  turns  and  Jet  blast  (Figure  7).  No  significant  snow  removal 
equipment  damage  was  noted.  Urea  is  used  in  snow  and  ice  removal  opera¬ 
tions  at  Pease  AFB,  and  it  was  reported  that  more  urea  is  required  for 
the  PFC  surface.  There  has  been  some  rubber  bur-ldup,  but  it  is  not  con¬ 
sidered  a  problem  (Figure  8).  Base  personnel  indicated  that  they  were 
satisfied  with  the  PFC’s  performance. 

In  March  1975,  Pease  AFB  was  visited  again  and  a  visual  inspection 
of  the  PFC  conducted.  Also,  6-in.-diam  cores  were  removed  from  the  pave¬ 
ment  for  further  laboratory  analysis.  No  significant  change  in  the 
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condition  of  the  PFC  was  noted.  However,  during  coring  operations,  it 
was  observed  that  the  PFC  was  not  bonded  to  the  underlying  pavement  out¬ 
side  the  traffic  areas.  Two  possible  causes  for  this  are  the  weather, 
which  at  the  time  of  the  was  cold,  and  the  low  binder  content  used 

in  construction,  which  may  have  resulted  in  poor  adhesion  to  the  under¬ 
lying  pavement.  Better  adhesion  in  traffic  areas  would  be  expected  due 
to  the  compaction  effort. 

HOT  SPRINGS  AIRPORT 

In  September  197^,  a  survey  indicated  that  the  overall  condition 
of  the  PFC  pavement  was  good.  There  was  no  reflective  cracking  or  ravel¬ 
ing;  however,  there  were  some  minor  scars  caused  by  snow  removal  equip¬ 
ment  (Figure  9)  and  there  was  some  scuffing  due  to  locked-wheel  turns  by 
aircraft  (Figure  10).  Lock-wheeled  turns  are  made  at  Hot  Springs  be¬ 
cause  there  is  no  parallel  taxiway.  The  airport  manager  was  very  satis¬ 
fied  with  the  PFC's  performance.  He  stated  that  the  PFC  did  not  seem  to 
freeze  as  fast  as  dense  surface  course  pavements,  but  once  frozen,  it 
did  not  thaw  as  fast. 

In  March  1975,  Hot  Springs  Airport  was  again  visited  and  a  visual 
inspection  of  the  PFC  conducted.  Six-in. -diam  cores  were  removed  from 
the  pavement  for  laboratory  analysis.  The  condition  of  the  pavement  was 
good.  No  problems  have  occurred  with  this  pavement  other  than  the  minor 
damage  caused  by  locked-wheel  turns. 

NASHVILLE  METROPOLITAN  AIRPORT 

A  survey  of  the  Nashville  Metropolitan  Airport  was  made  in  Sep¬ 
tember  197^*  In  the  traffic  areas,  there  was  rutting  of  the  pavement. 
Cores  of  the  PFC  showed  that  the  significant  consv-lidation  was  confined 
to  the  PFC  layers.  Figure  11  shows  water  from  coring  operations  running 
down  a  rut.  Figure  12  shows  excess  asphalt  and  deposited  rubber  that 
were  marked  by  the  tread  of  an  aircraft  tire. 

As  previously  described,^  the  PFC  was  placed  on  a  lOOO-ft  section 
of  pavement  in  a  touchdown  area.  The  traffic  in  this  area  caused  a 
buildup  of  rubber,  which,  combined  with  the  densification,  resulted  in  an 


impermeable  surface.  Outside  the  traffic  areas,  the  permeability  of  the 
PFC  was  adequate.  Nashville  Airport  engineering  personnel  voiced  dis¬ 
satisfaction  with  the  performance  of  the  PFC  at  the  time  field  inspec¬ 
tions  were  conducted. 

In  March  1975,  Nashville  Ifetropolitan  Airport  was  visited  to  visu¬ 
ally  inspect  the  PFC  and  obtain  samples  for  laboratory  testing.  The 
problems  of  consolidation,  rutting,  and  rubber  buildup  were  continuing 
(Figures  13,  1^,  and  15).  Continued  dissatisfaction  with  the  PFo  was 
voiced  by  airport  engineering  personnel.  Plans  are  being  made  to  over¬ 
lay  the  entire  runway  with  portland  cement  concrete. 

NAVAL  AIR  STATION,  DALLAS 

A  field  party  visited  the  Naval  Air  Station,  Dallas,  in  November 
1973  and  conducted  field  tests  and  collected  samples  for  laboratory  test¬ 
ing.  At  that  time.  Public  Works  Office  personnel  expressed  their  satis¬ 
faction  with  the  PFC.  The  overall  condition  of  the  PFC  was  good,  and 
good  drainage  was  observed  in  the  area  where  Jet  blast  damage  had  oc¬ 
curred  (Figure  l6).  Previously  reported  raveling  problems  seemed  to  be 
stabilized.  However,  a  few  areas  near  the  south  end  of  the  runway  were 
still  raveling  (Figure  17).  Some  gouging  from  aircraft  arrester  hooks 
was  observed  (Figure  18).  Both  transverse  and  longitudinal  reflected 
cracks  were  observed  (Figure  19).  No  significant  increase  had  occurred 
in  raveling  at  those  reflected  cracks  that  were  observed  in  the  previous 
survey . 

In  April  1975,  Dallas  was  visited  to  visually  inspect  the  condi¬ 
tion  of  the  PFC  and  remove  6-in.-diara  samples  from  the  pavement  for  lab¬ 
oratory  testing.  No  change  in  the  PFC's  condition  or  perfomance  was 
noted. 

KIRTLAND  AFB  (KAFB) 

As  noted  in  the  report  of  field  observations  in  May  1973,^  the 
PFC  test  sections  at  KAFB  received  only  minor  traffic.  Therefore,  as 
expected,  the  condition  of  the  PFC  test  sections  was  relatively  unchanged 
when  a  field  party  visited  KAFB  in  October  197^  to  conduct  field  tests 
and  collect  samples  for  laboratory  tests.  The  only  change  observed  was 


15 


that  there  seemed  to  be  some  stripping  of  the  asphalt.  The  raveling  of 
aggregate  reported  previously  was  continuing. 

A  field  party  visited  KAFB  again  in  April  1975  to  make  a  visual 
inspection  and  remove  6-in.-diam  samples  from  the  pavement  for  labora¬ 
tory  testing.  The  condition  of  the  pavement  remained  relatively  un- 
cheuiged  except  for  continuation  of  the  raveling  problem. 

GREAT  FALLS  INTERNATIONAL  AIRPORT 

An  account  of  a  visual  evaluation  in  May  1973  of  the  PFC  at  Great 
Falls  International  Airport  is  presented  in  Reference  1. 

In  October  197*t,  a  field  party  visited  the  airport  to  conduct 
field  tests  and  collect  samples  for  laboratory  testing.  At  the  time  of 
this  survey,  there  was  a  decrease  in  raveling  of  the  reflection  cracks. 
This  problem  had  been  reduced  by  treating  the  cracks  with  SS-lh  emul¬ 
sion  and  sand.  Typical  cracking  and  sealing  treatments  are  shown  in 
Figure  20. 

Airport  personnel  expressed  their  satisfaction  with  the  perfor¬ 
mance  of  the  PFC,  and  pilots  stated  that  the  PFC  had  superior  braking 
characteristics.  Additionally,  snow  and  ice  removal  was  accomplished 
without  the  aid  of  chemicals  or  semd. 

Great  Falls  International  Airport  was  visited  in  March  1975  to 
make  a  survey  of  the  PFC  and  remove  6-in.-diam  samples  from  the  pave¬ 
ment  for  laboratory  testing.  At  that  time,  there  seemed  to  be  an  in¬ 
creasing  number  of  reflected  cracks  and  existing  cracks  were  longer 
and  wider  (Figures  21  and  22).  Raveling  at  these  cracks  was  continuing. 

STAPLETON  INTERNATIONAL  AIRPORT 

A  condition  survey  of  Stapleton  International  Airport  was  also 
conducted  in  May  1973.^ 

A  survey  of  Stapleton  was  conducted  in  October  197^  to  test  the 
pavement  and  remove  6-in.-diam  samples  from  the  pavement  for  laboratory 
tests.  A  few  additional  reflected  cracks  were  observed,  eind  raveling  of 
these  cracks  was  minor.  The  problem  of  bond  failure  between  the  PFC  and 
existing  pavement  had  not  progressed.  A  joint  sealer  was  being  used  in 


reflected  cracks  that  was  performing  satisfactory  (Figures  23  and  2h) . 

No  solution  for  effectively  removing  the  rubber  building  up  on  the 
PFC  (Figure  25)  had  been  foimd. 

Airport  personnel  expressed  their  satisfaction  with  the  overall 
performeince  of  the  PFC.  The  maintenance  problems  caused  by  reflected 
cracks,  raveling,  and  bonding  of  sections  of  PFC  had  been  greatly 
reduced. 

Stapleton  International  Airport  was  visited  again  in  March  1975 
to  inspect  the  PFC  and  obtain  6-in.-diam  samples  for  laboratory  testing. 
There  appeared  to  be  more  cracks  and  existing  sealed  cracks  were  open¬ 
ing  wider.  The  weather  at  Denver  was  cold  at  the  time  of  inspection, 
and  some  ice  was  observed  on  the  PFC.  Ice  had  formed  where  water  was 
forced  to  the  surface  at  sealed  cracks  (Figure  26).  Sealing  cracks 
effectively  created  a  dam  in  the  PFC,  and  water  draining  internally  in 
the  PFC  was  forced  to  the  surface.  Ice  was  also  observed  at  longitud¬ 
inal  construction  Joints.  Figure  27  shows  a  patch  of  ice  on  the  surface 
of  the  PFC  melting  from  the  bottom.  This  condition  occurs  when  air  is 
warmed  in  the  voids  of  the  PFC. 

BARTLESVILLE  MUNICIPAL  AIRPORT 

Observations  on  a  field  inspection  made  in  May  1973  at  Bartles¬ 
ville  Municipal  Airport  are  reported  in  Reference  1. 

A  party  visited  the  airport  again  in  November  197^  to  conduct  ad¬ 
ditional  field  tests  and  remove  6-in.-diam  samples  from  the  pavement  for 
laboratory  testing.  At  that  time,  the  PFC  was  in  good  condition.  Little 
change  could  be  observed  with  the  exception  of  some  surface  wear  or  strip¬ 
ping  of  asphalt  euid  minor  reflective  cracking  near  the  south  end  of  the 
runway.  No  raveling  at  these  cracks  had  occurred.  Airport  personnel 
expressed  their  satisfaction  with  the  performance  of  the  PFC  pavement. 

Bartlesville  was  visited  again  in  March  1975  to  inspect  the  PFC 
and  collect  samples  for  laboratory  testing.  At  the  time  of  this  in¬ 
spection,  the  area  of  the  PFC  that  had  been  surface  treated  with 
Petroset  was  darker  in  color  than  the  untreated  area.  The  reflected 
cracks  at  the  south  end  of  the  runway  showed  some  minor  raveling 


(Figures  28-30),  and  there  were  a  few  "pop  outn"  (Figure  31). 

SALT  LAKE  CITY  INTERNATIONAL  AIRPORT 

Observations  on  the  PFC  inspection  made  in  May  1973  at  this  air¬ 
port  were  reported  in  the  previous  PFC  report.^ 

The  airfield  was  visited  again  in  October  197**  to  conduct  field 
tests  and  remove  6-in.-diam  samples  from  the  pavement  for  laboratory 
testing.  At  the  time  of  this  visit,  the  pavement  was  in  good  condition 
with  some  minor  reflective  cracking  and  associated  raveling  of  the 
cracks. 

During  the  summer  of  1973,  an  additional  runway  was  overlayed 
with  PFC;  however,  this  new  PFC  runway  was  not  available  for  testing 
at  the  time  of  the  197**  inspection. 

A  partj  visited  the  Salt  Lake  City  Airport  in  March  1975  to  make 
an  inspection  of  the  PFC  pavement  and  to  obtain  samples  for  laboratory 
testing.  At  the  time  of  this  inspection,  the  PFC  was  in  good  condition. 
There  was  some  minor  wear  or  stripping  of  asphalt  from  the  surface 
aggregate.  There  were  also  a  few  pop  outs,  some  raveling,  and  gouges 
caused  by  snow  removal  equipment. 

GREENSBORO— HIGH  POINT— WINSTON-SALEM  REGIONAL  AIRPORT 

The  first  inspection  of  this  PFC  was  conducted  in  March  1975. 

This  inspection  consisted  of  a  visual  observation  of  condition  and  per¬ 
formance  and  removal  of  6-in.-diam  cores  from  the  pavement  for  labora¬ 
tory  testing. 

The  PFC  was  in  excellent  condition.  A  typical  view  of  the  sur¬ 
face  texture  is  shown  in  Figure  32.  Minor  snow  removal  equipment  dam¬ 
age  was  noticed  in  one  area  (Figure  33).  It  was  reported  that  some 
raveling  occurred  with  the  passage  of  a  C-l**l  accompanying  a  Presi¬ 
dential  visit  to  Greensboro.  Some  minor  stripping  or  wearing  of 
asphalt  from  the  surface  aggregate  was  observed.  The  airport  manager 
was  pleased  with  the  performance  of  the  PFC,  but  some  pilots  voiced  the 
opinion  that  it  caused  an  increase  in  tire  wear. 


LABORATORY  EVALUATION  OF  FIELD  SAMPLES 


Laboratory  evaluation  of  the  field  samples  was  conducted  to 
determine  the  properties  of  the  in-place  PFC.  This  evaluation  allowed 
a  comparison  of  the  laboratory  designed  mix  and  the  as-constructed  mix 
properties  and  the  effects  of  time  and  environment  on  the  binder.  Six 
-in.-diam  samples  collected  in  the  field  inspections  provided  material 
for  this  laboratory  testing.  To  obtain  the  samples,  the  pavement  was 
cored  through  to  at  least  one  pavement  layer  interface  below  the  PFC, 
and  the  core  was  separated  at  that  interface  by  shearing  with  a  hot 
knife.  The  resulting  specimen  consisted  of  a  PFC  layer  on  a  dense  core 
of  the  underlying  pavement.  Samples  were  obtained  in  and  out  of  traf¬ 
fic  areas  where  possible;  however,  restricted  access  on  operational 
runways  did  not  allow  this  procedure  at  all  sites. 

In  1973  and  197^ »  an  acceptable  density  determination  method  had 
not  been  developed;  therefore,  the  laboratory  test  results  did  not  in¬ 
clude  voids  and  density  values  until  1975.  In  1973  and  197^,  the  PFC 
sample  was  separated  from  its  dense  base  with  a  hot  knife  after  the 
sample  was  slightly  warmed.  Prior  to  testing  PFC  components,  aggregate 
particles  cut  during  the  coring  process  were  removed.  The  PFC  speci¬ 
men  was  then  broken  up  and  extractions  conducted  according  to  ASTM 
D  2172-72.^  The  gradation  was  determined  according  to  ASTM  C  136-71.^ 

The  recovered  asphalt  was  tested  for  penetration  and  viscosity  according 
6  T 

to  ASTM  D  5-73  and  ASTM  D  2170-67,  respectively.  The  binder  was  re- 

O 

covered  according  to  ASTM  D  1856-69. 

Laboratory  water  permeability  tests  and  density  determinations 
in  1975  were  conducted  according  to  the  procedures  described  in  Refer¬ 
ence  1.  For  these  tests,  the  water  permeability  was  determined  prior  to 
separating  the  PFC  from  the  dense  base.  The  samples  were  prepared  for 
density  determinations  by  sawing  slightly  above  the  PFC-dense  base 
interface.  Examination  of  the  sawed  faces  during  density  measurements 
enabled  a  relative  evaluation  of  densification  and  uniformity  of  the 
aggregate  gradation.  These  sawed  faces  are  shown  in  Figures  3l+-^3. 

Where  available,  samples  from  in  and  out  of  the  traffic  area  are  shown. 
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But  vhere  vide  variation  in  gradation  was  apparent,  samples  were  photo¬ 
graphed  to  show  this  variation  (Figure  39). 

The  degree  of  change  in  the  asphalt  properties  (Tables  3-5)  over 
the  evaluation  period  cannot  be  considered  significant.  The  amount  of 
hardening  or  change  in  consistency  (penetration  and  viscosity)  seems  to 
be  related  more  to  the  original  consistency  and  probably  the  crude 
source  from  which  the  asphalt  was  produced  than  to  other  factors.  The 
latter  is  more  likely  the  reason  for  the  significantly  low  penetra¬ 
tion  and  high  viscosity  of  the  asphalt  used  at  the  Naval  Air  Station, 
Dallas.  The  lack  of  correlation  of  some  of  the  penetration  and  vis¬ 
cosity  vedues  was  expected  and  emphasizes  some  of  the  problems  associ¬ 
ated  with  choosing  correct  viscosity  grades  of  asphalt  for  a  particular 
type  and  quality  of  paving. 

The  bulk  density  vsdues  are  of  less  importance  than  the  associ¬ 
ated  voids  data  and  permeability  data.  Figure  U1+  shows  the  voids- 
pemeability  relationship.  It  was  assumed  that  some  minimian  voids  re¬ 
quirement  could  be  specified  that  would  insure  adequate  permeability. 
However,  a  preliminary  examination  of  the  data  in  Figure  l4l*  did  not 
clearly  indicate  this  to  be  the  case.  The  voids  and  permeability  data 
shown  in  Table  5  could  be  used  in  conjunction  with  gradation  data  to 
identify  an  optimum  voids-gradation-permeability  relation.  By  adopting 
the  percent  aggregate  passing  the  No.  8  sieve  as  a  basis  for  comparison, 
the  minimum  requirement  of  1000  ml/min  permeability  as  recommended  in 
Reference  1  could  be  satisfied  by  the  PFC  pavements  with  less  than 
20  percent  passing  the  No.  8  sieve.  Figure  U5  shows  a  plot  of  labora¬ 
tory  permeability  versus  percent  aggregate  passing  the  No.  8  sieve. 

This  gradation  requirement  combined  with  a  minimum  initial  voids  total 
mix  requirement  of  30  percent  would  result  in  a  PFC  pavement  with 
adequate  long-term  permeability. 

A  statistical  analysis  of  the  same  data  can  be  accomplished  by 
conducting  a  linear  multiple  regression  analysis.  For  this  analysis, 
voids  total  mix  and  percent  passing  the  No.  8  sieve  are  taken  as  inde¬ 
pendent  veuriables,  and  permeability  is  the  dependent  variable.  In 
effect,  it  is  assumed  that  an  estimate  of  the  dependent  variable  is 
given  by 
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Aq  +  A^(J^  voids)  +  k^{.%  passing  No.  8) 


where  Aq  ,  are  constants  determined  by  the  least  squares 

method. 

An  analysis  of  permeability,  voids  total  mix,  eind  gradation  data 
from  Table  5  indicates  that  an  estimate  of  the  permeability  P  can  be 
made  with  the  following  equation: 

P  =  1982  +  Uo.9(Jf  voids)  -  82.0(55  passing  No.  8) 

Substituting  the  minimum  percent  voids  total  mix  and  maximum 
percent  passing  the  No.  8  sieve  recommended  above  gives 

P  =  1U69  ml/min 

The  steindard  error  of  estimate  would  be  507  ml/min.  Applying 
this  standard  error  of  estimate,  the  minimum  permeability  would  be 
above  1000  ml/min  at  the  82  percent  confidence  level.  Hence,  setting 
the  minimum  percent  voids  total  mix  at  30  percent  and  the  maximum  per¬ 
cent  passing  the  No.  8  sieve  at  20  percent  will  insure  that  for  these 
critical  values  there  is  a  confidence  level  of  82  percent  with  respect 
to  permeability. 


FIELD  PERFORMANCE 


The  field  performance  of  the  PFC  pavements  identified  in  Refer¬ 
ence  1  was  monitored  and  observed  for  significant  changes. 

The  only  poor  performance  of  PFC  has  been  at  Nashville,  where 
consolidation,  rutting,  and  loss  of  permeability  have  occxured.  This 
poor  performance  cannot  be  readily  explained.  There  is  no  direct  com¬ 
parison  of  all  parameters  affecting  PFC  field  performance  (i.e.,  binder 
type,  binder  grade,  aggregate  type,  gradation,  environment,  and  traffic 
type  and  level).  The  parameters  existing  in  the  PFC  at  Nashville  that 
could  contribute  to  the  poor  performance  are  high  initial  asphalt 
penetration  (lOl),  high  binder  content  (6.75  percent),  high  percentage 
of  aggregate  passing  the  No.  8  sieve  size  (29  percent),  relatively  warm 
environment,  and  high  traffic  level  (50,000  air  carrier  flights  per 
year).  It  has  also  been  suggested  that  limestone  aggregates  are  not 
suitable  for  PFC  mixes.  Items  that  would  not  contribute  to  the  per¬ 
formance  problems  are  the  low  residual  asphalt  penetration  (28)  after 
3  years  and  the  high  initial  voids  total  mix  (31  percent)  as  indicated 
by  density  determinations  out  of  the  traffic  area. 

No  significant  problems  that  could  be  attributed  to  the  various 
binders  were  observed.  The  rubberized  asphalt  binders  were  continuing 
to  perform  very  well. 

Additional  cold  weather  performance  was  recorded.  The  number  of 
pop  outs  caused  by  freezing  water  in  PFC  was  not  significant.  In  some 
instances,  comments  indicated  that  ice  buildup  was  slower  on  PFC  than 
conventional  pavement,  but  once  formed,  the  ice  seemed  to  melt  slower. 
Field  observations  indicated  that  the  PFC  may  aid  in  the  removal  of 
patch  ice  through  the  convection  of  warm  air  under  the  ice  patch.  -  Ice 
also  readily  formed  where  crack  sealing  of  the  PFC  created  dams  to  the 
lateral  flow  of  water  and  retsirded  the  flow  and/or  forced  the  water  to 
the  surface. 

Rubber  buildup  is  continuing  to  cause  concern  on  some  PFC's  at 
this  time  (Nashville  and  Stapleton).  No  attempt  has  been  made  to  re¬ 
move  the  rubber.  However,  eventually  the  rubber  will  have  to  be  removed 
from  some  of  the  pavements. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


i 

t 
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The  following  conclusions  and  recommendations  are  believed  war¬ 
ranted  based  on  the  results  of  this  study: 

a.  The  poor  PFC  performance  at  Nashville  could  have  been  the 
combined  result  of  several  parameters.  There  are  no  defini¬ 
tive  data  to  clarify  the  performance  of  limestone  aggregate 
in  PFC.  However,  by  following  the  design  method,  quality 
control  procedures,  and  good  construction  practices  recom¬ 
mended  as  a  result  of  this  study,  PFC  pavements  can  be  con¬ 
structed  with  a  much  higher  degree  of  confidence. 

b.  Based  on  evaluations  of  test  results,  a  change  in  the  aggre¬ 
gate  gradation  to  limit  the  amount  of  material  passing  the 
No.  8  sieve  to  20  percent  maximum  is  recommended.  The  fol¬ 
lowing  table  is  a  suggested  gradation  reflecting  this 
limitation: 


PFC  Gradation 


1 

i 

l 

Sieve  Size 

Percent  by  Weight 
Passing  Sieve 

1 

t 

1/2 

in. 

100 

\ 

3/8 

in. 

80-100 

\ 

No. 

k 

25-hO 

t 

t 

No. 

8 

12-20 

No. 

200 

3-5 

I 

s 


1' 


£.  The  asphalt  drainage  test  does  not  enhance  the  design  pro¬ 
cedure  and  should  only  be  used  to  gain  secondary  background 
information. 

d.  Based  upon  the  apparent  good  results  obtained  at  Greensboro, 
it  is  recommended  that  the  design  procedure  in  Reference  1 
be  used,  with  the  exception  that  the  viscosity  range  be 
changed  to  275  25  centistokes. 


£.  The  minimum  permeability  desired  for  PFC  is  1000  ml/min. 

This  requirement  combined  with  a  minimum  initial  voids  total 
mix  requirement  of  30  percent  and  the  new  gradation  band 
will  result  in  good,  long-term  permeability  performance. 


£.  The  procedure  for  conducting  the  water  permeability  test  and 
the  recommended  design  procedure  are  presented  in  Appendixes 
A  and  B,  respectively. 
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TCMKRATURC  ,  •f 

Figure  1.  Temperatvire-viscosity  relation  for  neoprene-modified  asphalt 
(Greensboro) 
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KINCMATIC  VISCOSITY,  CCNTISTOKCS 


Figlire  3.  Closeup  view  of  edge  of  compacted  PFC  and 
surface  texture  (Greensboro) 
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Figxore  U.  Finished  PFC  (Greensboro) 


Figure  5.  Reflected  crack  (pease) 
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Figure  8.  Rubber  buildup  (Pease) 


Figure  9.  Snow  removal  damage  (Hot  Springs) 
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Figure  10.  Damage  from  locked-wheel  turns  (Hot  Springs) 


Figure  11.  Water  from  coring  op. 
eration  running  in  rutted  wheel 
path  (Nashville) 
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Figure  12.  Tire  print  in  flushed  asphalt  (Nashville) 


Figure  13.  Wheel  path  rut  (Nashville) 


36 


Figvire  lU.  Surface  texture  and  rubber 
buildup  (Nashville) 


Figxire  15.  General  view  of  PFC  condition  (Nashville) 
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Figixre  IT-  PFC  surface  texture  (Dallas) 
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Figure  20.  Sealed  reflected  cracks  (Great  Falls)  (sheet  1  of  2) 
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Figure  21.  Reflected  crack  (Great  Falls) 


Figure  22.  Widened  reflected  crack  (Great  Falls) 
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Figure  23.  Sealed  reflected  crack  (Stapleton) 


Figiire  2h.  Sealed  reflected  cracks  (Stapleton) 
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Figure  27.  Ice  patch  melting  from  bottom  (Stapleton) 


Figure  29.  Reflected  crack 
(Bartlesville) 


Figure  30.  Raveling  at  reflected  crack  (Bartlesville) 
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Figure  31.  Pop  out  (Bartlesville) 


Figiire  33.  Minor  snow  removal  equipnent  damage 
(Greensboro) 
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Figure  34.  Sawed  faces  of  Pease  PFC  SEunples 


Fig^lre  35.  Sawed  faces  of  Hot  Springs  PFC  samples 
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Figiore  36.  Sawed  faces  of  Nashville  PFC  samples 


1 


i 


i 

\ 

I 

( 


I 


52 


Fig\ire  37.  Sawed  faces  of  Dallas  PFC  samples 


Figiore  38.  Sawed  faces  of  KAFB  PFC  samples  (sheet  1  of  2) 


Figure  39.  Sawed  faces  of  Great  Falls  PFC  samples 


Figiire  UO.  Sawed  faces  of  Stapleton  PFC  samples 
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Figiore  U2.  Sawed  faces  of  Salt  Lake  City  PFC  samples 


Figure  U3.  Sawed  faces  of  Greensboro  PFC  samples 
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Figiire  4U.  PFC  water  permeability  versus  percent  voids  total  mix 


60 


PCWMEASILITY^  mi/MIN 


4S00 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

0 

0  10  20  30  40  50  40 

PERCENT  ACCRECATE  PASSING  NO.  5  SIEVE 
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APPENDIX  A:  PERMEABILITY  TEST 


I 


The  results  of  the  permeability  tests  are  affected  by  the  sur- 
cheirge  load  applied  to  Insure  contact  of  the  standpipe  and  pavement  sur¬ 
face.  A  surcharge  load  of  100  lb  has  been  satisfactorily  used  to  insure 
that  the  conditions  of  the  tests  are  reasonably  constant  in  this  respect. 
In  the  field,  an  open  truck  door  or  bumper-mounted  bracket  can  be  used 
for  the  reaction  weight  and  an  extension  screw  can  be  used  to  apply  the 
load.  The  loading  system  should  include  a  ball  bearing  or  universal 
mechanism  for  self-alignment.  In  the  field  where  a  truck  is  used  to 
react  against,  the  truck  sho\ild  not  be  parked  broadside  to  the  wind. 

Wind  rocking  the  truck  will  cause  the  load  to  vary  and  affect  the 
results. 

In  the  laboratory,  good  results  have  been  obtained  by  conducting 
the  test  on  6-in.-diam  specimens  consisting  of  a  3/^-in.  PFC  layer 
compacted  by  10  blows  of  a  Marshall  hammer  with  a  6-in.-diam  foot.  The 
3/^-in.  layer  is  compacted  on  a  6-in.-diam  dense  bituminous  base.  A 
laboratory  CBR  mold  is  used  to  prepare  the  specimen.  The  10-blow  com¬ 
paction  effort  has  been  correlated  to  give  permeabilities  equivalent  to 
those  obtained  in  the  field. 

When  the  standpipe  has  been  positioned  and  loaded,  water  is 
introduced  into  the  standpipe  to  a  level  above  the  10-in.  mark  on  the 
side  of  the  standpipe.  Addition  of  water  is  then  stopped,  and  the  time 
to  fall  from  the  10-  to  5-in.  level  is  measured  with  a  stopwatch.  This 
test  is  repeated  three  times  and  the  average  of  the  values  is  computed. 
The  flow  rate  is  determined  from  the  relation  Q  =  VA  .  Thus,  for  a 
5-in.  falling  head,  Q  in  millilitres  per  minute  is  equal  to  15,^36.8 
divided  by  the  time  to  fall  in  seconds.  A  wide  range  in  permeability 
can  be  expected  to  be  measured,  but  a  reasonable  lower  limit  of  perme¬ 
ability  for  newly  constructed  PFC  pavements  is  1000  ml/min. 
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APPENDIX  B:  PFC  DESIGN  PROCEDURE 


The  design  procedure  for  PFC  pavements  consists  of  primary  and 
validation  procedures. 

The  primary  procedure  involves  conducting  the  Centrifuge  Kero¬ 
sene  Equivalency  (CKE)  tests  on  the  proposed  Job  aggregate  using  Test 

Q 

Method  California  No.  303-F.  The  K  value  determination  from  this 

c 

test  is  used  in  the  relation  2K  +  l+.O  to  obtain  an  estimate  of 

c 

asphalt  content  (EOA).  The  amount  of  binder  estimated  from  this  re¬ 
lation  has  been  evaluated  in  the  laboratory  and  in  the  field  and  is 
reasonable.  To  insure  that  this  amount  of  asphalt  can  be  prepared  in 
a  PFC  without  excessive  drainage,  a  proper  mixing  temperature  must  be 
selected.  This  is  accomplished  by  choosing  a  mixing  temperature  that 
will  give  a  viscosity  of  275  +  25  centistokes.  This  can  only  be  accom¬ 
plished  by  evaluating  the  temperature-viscosity  relation  for  the  spe¬ 
cific  Job  asphalt. 

These  steps  essentially  provide  the  necessary  information  for 
selection  of  the  binder  content  for  a  PFC  mixture.  However,  only  close 
uniform  control  of  the  aggregate  gradation  will  insure  that  the  PFC  can 
be  satisfactorily  produced  and  constructed. 

An  evaluation  or  validation  of  the  above  mix  design  in  the  labo¬ 
ratory  may  include  the  asphalt  drainage  test  and  water  permeability  test. 

The  asphalt  drainage  test  has  not  been  proven  to  be  sensitive 
for  all  types  of  aggregates;  however,  the  test  may  be  conducted  for 
background  information  and  to  insure  that  detrimental  drainage  of 
asphalt  does  not  occur.  The  test  is  conducted  by  preparing  a  300-g 
sample  of  the  mixture  at  the  design  binder  content,  placing  the  sample 
in  a  6-in.-diam  culture  dish,  and  placing  the  dish  in  an  oven  preset 
at  the  mixing  temperature  selected  from  the  temperature-viscosity  rela¬ 
tion.  The  sample  is  removed  from  the  oven  after  2  hr  and  allowed  to 
cool.  The  amount  of  drainage  to  the  bottom  of  the  dish  is  observed. 

At  this  time,  over  50  percent  coverage  is  assumed  to  be  excessive.  If 
the  binder  drainage  is  excessive,  either  the  mixing  temperature  or 
binder  content  can  be  reduced. 
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The  water  permeability  test  is  conducted  on  specimens  prepared 
as  described  in  Appendix  A.  It  is  suggested  thac  laboratory  water 
permeability  tests  be  used  to  evaluate  gradations  and  binder  contents 
and  mixing  temperatiire.  A  gradation  different  from  the  recommended  gra¬ 
dation  may  greatly  affect  the  permeability.  The  permeability  is  also 
affected  by  the  binder  film  thickness,  which  is  controlled  by  the 
binder  volume  and  mixing  temperature.  Low  permeability  may  also  require 
an  adjustment  in  the  binder  content  or  mixing  temperature. 
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